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Abstract 
Relatively spared during most of the timeline of normal ageing, semantic memory shows a 
VXEWOH\HWPHDVXUDEOHGHFOLQHHYHQGXULQJWKHSUHFOLQLFDOVWDJHRI$O]KHLPHU¶VGLVHDVH$'
This decline is thought to reflect early neurofibrillary changes and impairment is detectable 
using tests of language relying on lexical-semantic abilities. A promising approach is the 
characterisation of semantic parameters such as typicality and age of acquisition of words, 
and propositional density from verbal output. Seminal research like the Nun Study or the 
analysis of the linguistic decline of famous writers and politicians later diagnosed with AD 
supports the early diagnostic value of semantic processing and semantic memory. Moreover, 
measures of these skills may play an important role for the prognosis of patients with mild 
cognitive impairment. 
 
Keywords 
Semantic Memory, Mild cognitive impairment, NeuropV\FKRORJLFDO0DUNHUV$O]KHLPHU¶V
Disease, Linguistic attainment, Category Fluency Task 
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Executive Summary 
The quest for an HDUO\ELRPDUNHURI$O]KHLPHU¶VGLVHDVH$'LVSDUDPRXQW 
x Pathophysiological markers of AD do not always reflect the clinical profile. 
x The current diagnostic formulae are centred on the early symptomatic prodromal 
stages of AD. 
x A cognitive marker centred on semantic memory decline could be the most valid 
route to detect preclinical AD. 
Semantic memory changes differ in normal ageing and AD  
x Semantic processing and semantic memory tend to be relatively preserved in normal 
ageing. 
x A severe semantic decline is observed in AD since its earliest stages. 
Tests of language as a central typology of tests for an early diagnosis of AD 
x The organisational complexity of semantic processing is quite intricate, both at a 
computational and neural level. 
x Language tests are the most common instruments to test semantic processing. 
x Distinctive instruments such as the Boston Naming test or the Category Fluency test 
are helpful instruments to detect early semantic changes. 
Tests of semantic abilities as a diagnostic and prognostic marker 
x The analysis of verbal production of famous writers and politicians later diagnosed 
with AD strongly suggests that semantic changes are measurable during the 
preclinical stage. 
x Semantic competence appears informative at predicting disease progression of 
patients with mild cognitive impairment. 
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Conclusions 
x Conceiving semantic memory and semantic processing as the primary focus of 
diagnostic and prognostic paradigms for AD is based on neuroanatomical and 
neuropathological evidence. 
x An approach centred on semantic memory and semantic processing could be fruitful 
and revolutionary. 
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Future Perspective 
Indices of semantic processing could be valid and reliable measures in clinical settings for the 
SUHFOLQLFDOGHWHFWLRQRIHDUO\FKDQJHVDVVRFLDWHGZLWK$O]KHLPHU¶VGLVHDVH$'$QXPEHU
of measures may be easily identified in compliance with ideal parametric properties, for 
single one-off measurements as well as for repeated measurements over time. Measures of 
semantic processing could also be at the centre of the diagnostic procedures to stratify 
patients for enrolment in clinical trials. 
The implementation of tests of semantic processing can be converted into safe and cost-
effective screening instruments to detect individuals at risk of developing AD. 
Comparable screening instruments need to be designed for use in non specialist settings by 
medical staff who have minimal or no competence with the administration of cognitive tests. 
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Introduction 
$O]KHLPHU¶VGLVHDVH (AD) is the most common form of degeneration of the central nervous 
system.  Although the causative variables that trigger its neuropathological cascade are still 
unknown, a large number of histological studies have described the two distinctive peptidic 
hallmarks: extracellular deposition of Beta Amyloid plaques, and intracellular neurofibrillary 
hyper-phosphorylation of TAU.  The presence of these neurotoxic peptides, at the foundation 
of the pathophysiological diagnostic criteria [1], can be visualised and quantified via three 
main routes: 1) by analysing levels in the cerebrospinal fluid, obtainable with a lumbar 
puncture; 2) by inspecting uptake and retention of specific neuromolecular tracers, in a 
Positron Emission Tomography scan; 3) at autopsy.  Although the first and second route 
allow clinicians to detect traces of the distinctive AD-related proteins in vivo, this information 
is not always relevant at a clinical level.  In fact, a number of studies have clearly 
demonstrated that a proportion of individuals who meet pathophysiological criteria for AD do 
not have any clinical symptom, and, vice versa, a proportion of patients who show a clinical 
picture of progressive cognitive decline with an AD profile do not fulfil the 
pathophysiological criteria [2].  On these grounds, a precise characterisation of the clinical 
features of the disease is crucial to support diagnosis and prognosis.  The clinical diagnostic 
criteria for AD are dependent on the presence of decline in cortical functions, gradually 
compromised by neuronal dysfunction: declining cognitive abilities, with a central role 
played by declarative (or explicit) memory.  These criteria are applied to make a clinical 
diagnosis and they focus mainly on episodic aspects of declarative memory. 
The discovery of a cure for AD remains elusive [3], and many researchers argue that repeated 
failure of potential disease-modifying treatment trials is due to the late application in the 
disease course [4].  The focus of research has, therefore, been shifted to preclinical 
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identification of individuals at risk of developing the disease.  Some researchers have 
suggested that attention should be focused on those aspects of declarative memory, namely 
semantic memory, that are more likely to be associated with those brain regions that are 
affected by the earliest pathological signs of the disease (e.g., [5]).  This stage precedes the 
pathological phase that manifests with the classical episodic memory decline distinctive of 
AD, as it is normally characterised by current clinical and research criteria [1,6,7]. 
 
The cognitive and neural framework behind semantic memory 
It has been widely established over the years that the declarative memory construct proposed 
by Cohen and Squire is composed of two sub-systems: episodic and semantic memory [8].  
Episodic memory is D³memory system that allows people to consciously re-experience past 
experiences´[9, page 6], while semantic memory is ³the system which contains the 
psychological representations of the "meanings" of words and the processes which operate 
on such representations´[10, page 723].  Since its original definition by Tulving in 1972 
[11], the concept of semantic memory has been characterised as a memory function deputed 
to processing conceptual knowledge associated with lexical (either verbal or not) referents, 
and the relations existing among these components.  In the history of neuropsychology, the 
episodic-semantic dichotomy has been functional to account for the diverse pieces of 
evidence that support a certain independence of these two memory processes; examples 
include evidence from cases of developmental amnesia following early brain injury [12], 
adult epilepsy [13], severe prefrontal damage [14], or, as illustrated in the main body of this 
review, the separation of AD-related cognitive symptoms from the ³EHQLJQ´PHPRU\GHFOLQH
experienced during the normal process of physiological ageing. 
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The ³HQF\FORSDHGLF´WUDLWRIVHPDQWLFPHPRU\mentioned above captures only its general 
outline.  Representations sustaining semantic material are structured in a complex 
architecture of abstract ideas, words and images characterised by associations and hierarchies 
(see for instance [15]).  Although a detailed focus on the psycholinguistic theories of 
semantics is beyond the scope of this review, being aware of such complexity is a necessary 
pre-requisite to comprehend the mechanisms by which semantics is stored and managed at a 
biological/neurological level, because it is at this level that AD pathology affects the nervous 
system.  Several models have been proposed to attempt an explanation of how semantic 
information is organised.  Important frameworks are those that hypothesise the existence of 
domain-specificities, advocating that there are distinct neural mechanisms responsible for the 
storage of items belonging to distinct domains, such as living and non-living items [16].  A 
further subdivision of this model suggests that information is organised depending on their 
sensory and functional features [17], with living items being differentiated by their visual 
appearance, while inanimate objects are recognised by their functional properties.  The 
simple distinction between animate and inanimate objects, however, has been overcome by 
other authors, who have focused on the different weight that different sensorial experiences 
and gender roles may have in the development of computational representations of the 
features distinctive of any single object [18].  From this perspective, in a connectionist view 
[19], semantic features could be either distinctive (unique) or non-distinctive (shared).  
Distinctive features are those factors associated with less than two concepts while non-
distinctive features are common to many concepts.  Non-distinctive features, therefore, are 
highly inter-correlated with numerous strong links while distinctive features have few weak 
inter-connections.  It is thought that these inter-connections are lost with disease related 
changes and non-distinctive features would be more resilient to AD damage [20]. 
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This computational complexity is mirrored by a dense neural implementation.  Engaging in 
semantic processing can be broken down into two complementary types of computation, each 
of which is sustained by its distinctive network of brain regions.  A distinction is made 
between automatic (bottom up) processes that involve the semantic representations stored in 
the cortex, and controlled (top down) processes that are executive in nature.  Semantic 
representations are well known to be distributed throughout multiple regions [21], and recent 
evidence indicates that the level of conceptual resolution of the semantic atlas is extremely 
detailed [22].  Semantic control too, however, is sustained by a widespread set of anterior and 
posterior regions [23].  Arguably, this extensive anatomical involvement may be due to the 
diverse nature of the control processing, that may occur, for instance, at a lower computation 
level during the feature extraction phase [24] or higher up in the sequence of computations, 
when, for instance, semantic interference is addressed [25].  Different regions, then, may 
show some degree of specificity based on certain modalities (e.g., sensory, motor, or 
emotional), while the involvement of other areas spans across multiple modalities [26].  This 
picture characterises semantic processing, the object of semantic memory, as a complex 
multi-componential function both at a computational as well as neuro-structural and neuro-
functional level.  If on one hand semantic functioning has been described in such fine-grained 
terms, it has WREHDFNQRZOHGJHGWKDWWKHLQVWUXPHQWVDWWKHFOLQLFLDQ¶VGLVSRVDOWRPHDVXUH
semantic functioning tend to allow the sole measurement of global levels of competence.  
Standard neuropsychological measures of semantic processing give us no opportunity to 
understand where in the computational cascade a deficit may exist.  In this respect, to be 
informative, the performance obtained on a certain cognitive test always has to be 
contextualised in an appropriate way.  This contextualisation includes, for example, taking 
WKH³VHPDQWLFEDFNJURXQG´RIWKHSHUVRQLQWRDFFRXQWLHDn individual might have personal 
expertise in certain semantic domains), but also interpreting a certain cognitive score in the 
11 
 
light of the performance shown in other cognitive domains associated with those invoked by 
tests of semantic processing (e.g., episodic memory, working memory, language 
comprehension), or interpreting a certain score in the light of other measurements acquired 
longitudinally (e.g., a follow up).  For example, patients with AD may show a similar pattern 
of test scores to those of patients with the semantic form of frontotemporal lobe degeneration 
(semantic dementia), yet the components of semantic processing affected may be very 
different [27].  Widening the decision-making context, patients with semantic dementia tend 
to have normal levels of episodic memory [28], and the clinical history is also of aid, because 
their earliest complaint is usually a naming difficulty, not memory difficulties.  Of additional 
decision-making help is the evidence from structural neuroimaging showing more localised 
cortical atrophy in semantic dementia. 
It remains, however, that current provision of semantic memory tests is of limited quality and 
not specifically devised for assessing impairments due to neurodegeneration.  More fine-
grained instruments, informed by cognitive neuropsychology models, would allow a better 
segregation of semantic impairments underpinned by different forms of neurodegeneration.  
For example, tests that can differentiate between different components of semantic processing 
(e.g., semantic representation vs. semantic control) would most likely detect the difference in 
the types of impairment caused by different underlying diseases. 
 
Semantic memory in healthy ageing and in AD 
It is well established that semantic memory is not subjected to an age-related decline of 
comparable magnitude as episodic memory [29].  Although both types of declarative memory 
rely on mechanisms of encoding and retrieval, there seems to be a substantial difference 
between the set of regions that contribute to sustaining episodic memory processing, and the 
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set of regions that support instead the mechanisms of memory associated with semantic 
processing, as those described in the previous section.  This anatomical distinction would be 
the basis of the functional discrepancies seen in the ageing population and in a number of 
clinical cases.  The mediotemporal lobe, crucial for declarative memory, includes a series of 
interconnected structures.  Among these structures, the hippocampus would be responsible 
for context-rich memory processing (i.e., episodic memory), while the sub-hippocampal 
portion, including the perirhinal and entorhinal cortices, would be responsible for context-
free memory processing (i.e., spatial and semantic memory) [30]. 
This overview on episodic and semantic memory, the clinical dissociability of the two, and 
the neural differences in support of each function is necessary to understand the true potential 
that clinical measures of memory have in the early detection of AD.  In fact, the 
neuropathological staging of neurofibrillary TAU deposition is intense in the mediotemporal 
complex during the early stages of the diseases, but the first areas of the cortex affected by 
tangles are the entorhinal and perirhinal cortices, with relative sparing of the hippocampus 
[31].  As a consequence, changes in some aspects of semantic memory function would 
represent the earliest memory change shown by AD patients.  Disruption of semantic 
proficiency would occur before the onset of the typical episodic memory symptoms that 
would instead appear as the pathology spreads to the hippocampus [32].  This mechanism has 
implications on the possibility to take the current diagnostic criteria to a new level.  In fact, 
the diagnostic criteria for the diagnosis of mild cognitive impairment (MCI) due to AD 
appropriately assign a central role to episodic memory [6].  The proposed criteria for 
preclinical AD (that is, before the typical episodic memory symptoms manifest), however, do 
not assign any role to semantic memory [33].  Arguably, an accurate characterisation of 
semantic memory would allow clinicians to detect the presence of AD pathology when it is 
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confined to the sub-hippocampal region, while criteria based solely on episodic memory 
would not enable any comparable diagnostic improvement [5]. 
 
Language as gateway to semantic memory in healthy ageing and AD 
The concept of semantic memory is indissolubly linked to the manipulation of semantic 
material.  One of the dogmas of neuropsychology is the shared nature of the semantic system, 
implying, therefore, that semantic representations can be accessed with a multitude of routes.  
The preferential pathway for semantic access is, without any doubt, verbal language.  
However, the same semantic content can be equally conveyed via other routes, such as non-
verbal language (e.g., sign language) [34], music [35], or art [36].  Since language is the 
primary channel through which semantic content is conveyed, the study and assessment of 
semantic memory is carried out via tasks that are, to all intents and purposes, tests of 
language.  In this respect, the study of semantics has become a central research topic in AD, 
both because of its link with the semantic memory system, but also due to its link with the 
neural systems that sustain it, and the ample degree of overlap these systems show with the 
regions subjected to an AD-dependent pattern of neural down-regulation. 
Linguistic skills are the most resilient function to cognitive ageing.  A decline in semantic 
abilities (measured by the analysis of propositional content) becomes noticeable only in the 
late adulthood, during the 7th decade of life [37].  However, there is a clear discrepancy 
between the observed changes in semantic processing and those changes that would be 
expected based on the well established anatomical and functional modifications that naturally 
affect the neural architecture.  Ageing is associated with a non uniform progressive loss of 
cortical volume, particularly exacerbated in a set of regions, including the posterior cingulate 
cortex, the mediotemporal region, the medial prefrontal cortex, and a large portion of the 
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temporal lobe [38].  Astonishingly, this ensemble accurately reflects the complex of areas 
emerged from a meta-analysis of 120 fMRI studies of semantic activation [39].  These two 
converging pieces of evidence would suggest that, if anything, ageing should result in a 
prominent lexical-semantic decline.  Instead, only a moderate decrease is detected, and there 
are studies showing either no effects [40], or even improvement with age [41].  In part, this 
counterintuitive observation could be due to neural compensation that is present in well-
functioning older people.  Examples of compensatory mechanisms are increases in 
contralateral activation [42], or an increased contribution of anterior regions during tasks for 
which posterior regions would be naturally designated [43].  Certainly, these compensatory 
mechanisms may play a role in attenuating the effects of age on linguistic abilities, but 
compensation alone would not explain why these mechanisms would be selective for 
language, while other functions (e.g., episodic memory) would not benefit in a similar 
manner.  Attempting to come up with a theoretical reason on why linguistic skills are 
particularly robust against ageing falls beyond the scope of this review.  Unequivocal, 
however, is the fact that language processing is an ability that remains highly functional in 
elderly adults.  Very often what looks like a decline in this cognitive domain is actually just a 
response to changes in cognitive functions that are required for the processing of speech such 
as working memory and attention, rather than in the lexical-semantic system itself [44].  A 
linguistic domain that plays an essential role at conveying semantic content is syntax, an 
aspect of language that shows an age-UHODWHG³VLPSOLILFDWLRQ´6XSSRUWHGE\VSHFLILF
anatomical evidence [45], syntactic decline is visible during spoken language, for instance, 
where older people tend to use simpler grammatical forms that are less memory-demanding 
[46].  In a similar manner as with syntax, mechanisms of retrieval contribute to downsize 
semantic performance.  Older adults often complain about not being able to recall certain 
words [47] and about experiencing an increase in the tip-of-the-tongue phenomenon [48].  
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This explanation is valid for proper nouns, possibly due to the detached nature of the lexical 
unit (the name/surname) from any semantic content [49], and for their uniqueness and lower 
frequency than other words [50].  On the other hand, when the task requires mechanisms of 
lexical retrieval (e.g., the Boston Naming test), an age-associated performance decrease is 
seen, although performance remains largely at levels of test accuracy well above 80%, in 
adults older than 70 years, as opposed to adults in their fifties, who obtain performance levels 
above 90% [51].  Although, again, this decline might be due to decreasingly functional 
mechanisms of retrieval, there are also studies indicating that, to a minimal extent, age-
associated semantic degradation may be visible in adults older than 70 years, as measured 
with the Pyramids and Palm Trees test [52].  This finding, however, has not been consistently 
replicated (see for instance [53]).  In conclusion, the mechanisms of ageing are associated 
with a relative preservation of semantic and, more generally, linguistic processing skills.  A 
certain degree of disruption of these skills may be visible in old age, but semantic and 
linguistic impoverishment is of lower magnitude than the disruption seen in most other 
cognitive abilities and could be secondary to degradation of other cognitive processes.  Tests 
of language indexing semantic processing are helpful instruments to delineate the cognitive 
profile of elderly adults, as they can act as a counterpart of episodic memory in the 
description of declarative memory decline. 
The effect AD has on measures of language and semantic processing is diametrically opposed 
to ageing effects.  Due to the marked atrophy of frontal and temporal lobes in AD, it is 
expected that linguistic abilities start deteriorating earlier on in the disease.  Longitudinal 
analyses of connected discourse and experimental tasks that resemble real life conversations, 
such as spontaneous speech, narration and description of scenes [54,55] provide a large 
amount of information about the language deficit in AD, and how it differentiates from the 
difficulties observed in healthy ageing.  Linguistic changes in verbal expression are present 
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during preclinical AD.  During the early stage of the disease, articulation and melodic line are 
not greatly affected, and the length and number of sentences are similar to the linguistic 
production observable in healthy individuals matched for age and education [56].  Later on, 
however, AD patients tend to produce fewer words in a given time, speak slower than 
controls, have higher numbers of stutters, produce fewer self-corrections and engage in 
incomplete conversations [54].  Patients with mild to moderate AD also produce more word-
finding delays, semantic paraphasias, empty phrases and indefinite sentences [56].  Language 
comprehension is relatively preserved in AD, although patients have difficulties 
understanding syntactically complex sentences.  A degree of difficulty in complex syntactic 
comprehension is also found in healthy ageing, but the difficulty is more pronounced in AD, 
even during the MCI stage.  Patients with early AD show difficulty in understanding both 
literal and non-literal speech, and the more complex the discourse is, the worse the 
performance [57].  Once again, the most dominant problems are related to the semantics of 
language, followed by lexical difficulties [58].  Language impairments observed earlier on in 
the disease are mainly semantic errors that are, then, accompanied by errors in phonological, 
visual and motoric aspects of speech.  Motoric errors, however, do not appear until later on in 
the disease course, when cortical degeneration spreads to the frontal lobes, the neural 
substrates responsible for phonological processing and motor output [56]. 
A range of tests is available to assess semantic proficiency in clinical practice.  The most 
widely used test of semantic memory in the assessment of neurodegenerative conditions is 
the Category Fluency test, either as a stand-alone test or embedded in screening instruments 
or short evaluations batteries.  This instrument offers methodological and theoretical 
advantages over any other test of semantic processing.  It is usually administered together 
with the Letter Fluency test, (not similarly affected by AD) that provides a methodological 
control for the interpretation of residual semantic abilities.  Moreover, the Category Fluency 
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test is widely used world-wide, across different languages and cultures, a feature that is 
essential in societies where multiple cultures co-exist, and crucial when comparing studies 
carried out in different countries.  Other tests of semantic abilities such processing of famous 
faces [59] or processing of knowledge of famous people [60] may certainly be clinically 
relevant when contextualised appropriately and extremely informative in the single patient, 
but cannot be transposed to other contexts as easily.  Different cultures, different generations, 
and different diagnoses (e.g., patients with AD may not recognise a recent photo of an old 
famous person, but might be able to recognise them from a photo taken where they were 
young.  Instead, a patient with vascular dementia would not show this effect), are factors that 
can influence performance.  Methodological and theoretical factors, therefore, underlie the 
popularity of the Category Fluency test as a measure of semantic proficiency. 
Although this instrument relies on executive functioning, the central computational role is 
played by language [61].  This test has been extremely helpful in the characterisation of 
pathological processes associated with AD.  Asymptomatic carriers of the Apolipoprotein E 
İ4 allele (the best established genetic risk factor for sporadic AD), for instance, generate 
fewer items than healthy participants [62].  A study that looked at different strategies used in 
the Category Fluency test to establish which technique best discriminates healthy ageing and 
AD found that the best discriminator is the score of total number of words generated during a 
given time [63].  This study showed that healthy individuals who later on developed dementia 
produced fewer words at baseline assessment five years before disease onset, than those 
persons who remained healthy.  Category switching (the shift between different sub-
categories that relies on prefrontal lobe processes) and clustering (the number of novel 
switched sub-categories) are also good measures to discriminate between the two types of 
ageing [64].  During the early disease stages, there appears to be no difference in the number 
of repetitions and perseverations, and this finding suggests that working memory is not 
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impaired at this stage [63].  AD patients produce fewer words, smaller cluster sizes and less 
switching compared to healthy people.  People with memory complaints also produce fewer 
words and smaller cluster sizes compared to people with no memory deficits, but no 
difference in switching is observed between the two groups [65].  Therefore, cluster size is a 
better predictor of early AD than number of words.  A longitudinal study that followed up 
people with memory complaints found that after two years they had greater alterations in 
semantic fluency and in cluster size than those people who did not develop dementia [65].  
Furthermore, a change in word characteristics and number of words generated is observed in 
a clinical setting [54,66].  Studies using the Category Fluency test have also predicted 
changes in behavioural and psychological symptoms in patients [67]. 
Another test widely used to assess semantic processing is the Boston Naming test.  
Performance on this test is associated with the typical pattern of regions responsible for 
semantic processing [68].  Patients with AD show both lexical and semantic deficits on this 
test.  They have difficulty accessing words and naming objects [69] and also tend to produce 
the superordinate of the item rather than the subordinate, for example saying µanimal¶ instead 
of µtiger¶ [66].  These types of error suggest difficulty in verifying semantic attributes of 
concepts and retrieving the semantic category of that object.  An association is also noted 
between naming living and non-living things and sex of participants.  This could be due to 
sex-based familiarity effects [70].  Aside from the mere observation of global test scores as 
index of semantic processing, the performance on these tests is driven by a number of factors 
that have been shown to be intrinsically dependent on the integrity of semantic 
representations.  This is the case, for instance, of age of acquisition [71,72], or typicality of 
words [73].  In summary, a detailed analysis of semantic properties of language allows what 
looks like a clear-cut separation between patients with AD and healthy controls.  As 
illustrated in the next sections, this clinical characteristic could be potentially exploited 
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successfully for the diagnosis of AD when the disease is still in the pre-symptomatic (or pre-
clinical) stage, i.e., when typical episodic memory deficits have not overtly manifested yet.  
Furthermore, reliance on detailed analysis of lexical-semantic decline may also have 
prognostic value at the prodromal MCI stage.  In addition, there seems to be a strong 
anatomical convergence between the topographical distribution of early AD neuropathology 
and the conjunct effect of lexical-semantic features (i.e., age of acquisition and typicality) as 
ascertained by voxel-based correlational analysis of structural changes (see Figure 1).  This 
convergence might be an important factor in the role played by lexical-semantic features in 
early AD diagnosis and prognosis.  
 
- Insert Figure 1 about here - 
 
Decline in semantic processing as a cognitive marker of preclinical AD 
The literature on experimental evidence in support of tests of semantic processing as 
diagnostic instruments for preclinical AD is quantitatively scant, but characterised by 
prominent benchmark studies.  The study of preclinical sporadic AD requires large cohort 
and longitudinal designs that must span over several decades, and for this reason they are of 
tough pursuit.  7KHPRVWVHPLQDOZRUNLVWKH³Nun Study´that is based on the analysis of 
linguistic features extracted from autobiographical diaries written by female members of the 
clergy during early adulthood.  The results of this study indicate that idea density during early 
adulthood is associated with the presence of AD pathology as emerged from histological 
assays at post mortem, several decades later [74].  A second study aligns with these results by 
reporting an association between clinical evidence of AD and low propositional density of 
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medical school essays authored by patients more than fifty years prior to diagnosis [75].  
Gaining access to verbal production from WKHSDWLHQW¶VSDVWLVDPHWKRGRORJLFDOUHTXLUHPHQW
for this type of studies.  In this respect, striking evidence emerges from the longitudinal 
analysis of written material published by famous novelist Iris Murdoch, diagnosed with AD a 
few years after writing her last, controversial book.  Semantic features extracted from this 
opus show a significant decline as compared to her early career, and mirror those features 
believed to be the incipient signs of AD interfering with her lexical-semantic abilities [76].  
Additionally, further analyses found that impoverishment of her vocabulary and syntax skills 
was detectable even in her earlier production, when she was in her late 40s and 50s, thus 
decades before the onset of any symptom [77].  Comparable analyses, conducted on the 
written production of Dutch novelist Gerard Reve (who was diagnosed with AD shortly after 
his last release) revealed a similar picture [78].  Analogous results emerged from the analysis 
of presidential speeches given by Ronald Reagan during his United States presidency, years 
before his diagnosis of AD [79].  Further evidence in support of impoverishment of semantic 
ability as a preclinical marker of AD is found in studies of asymptomatic individual carriers 
of genetic mutations determining the familial form of the disease.  Asymptomatic individuals 
in their 40s who carry a mutation in the Presenilin 1 locus who are in the preclinical stage of 
familial AD show reduced semantic skills when compared with adults with no genetic 
burden, as measured by the Category Fluency test and by a task in which participants had to 
provide definitions for words [80].  The evidence from life-long longitudinal designs is 
limited due to a range of methodological issues.  The emerging results are, however, 
convergent and unequivocal, and suggest that a deep focus on semantic processing may help 
anticipate a diagnosis of AD by a large number of years, as opposed to the clinical 
possibilities offered by the current widely recognised criteria. 
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Defining a biomarker, however, is a complex process that requires extensive validation.  
Although measures of semantic abilities have still to be fully validated before qualifying as a 
proper biomarker, a number of studies have confirmed the presence of a significant 
association between performance on typical tests of semantic processing and markers of 
neurodegenerative and pathophysiological changes distinctive of AD.  Beyond a certain 
degree of inter-study variability, performance on the Category Fluency test was consistently 
found to be associated with fluorodeoxyglucose metabolism in frontal and parietal regions, 
prevalently in the left hemisphere, in patients with AD dementia [81-83].  Following 
comparable methodologies, performance on the Boston Naming test showed positive 
associations with temporo-polar and infero-temporal metabolism [83,84].  These two tests 
were also associated with the variability of left prefrontal, temporal, and mediotemporal 
volumes [85].  If, however, the claim is that indices of semantic processing are informative at 
the pre-symptomatic stage of the disease, it is particularly important to confirm their validity 
for the purpose in that specific population of interest.  This approach is necessary because the 
neural correlates of semantic memory are different between healthy and diseased individuals 
[86,87].  A number of studies bring confirmatory evidence in support of this claim.  In 
healthy adults, performance on both the Category Fluency and Boston Naming tests is 
associated with the temporal and mediotemporal volume, including the hippocampus and the 
parahippocampal gyrus [88].  In this population, semantic processing is also associated with 
both central and peripheral indices of in vivo amyloid pathology [89,90], and with the cortical 
thickness of the sub-hippocampal complex, including perirhinal and entorhinal cortices, a 
change believed to be the consequence of the early deposition of neurofibrillary tangles [91].  
The evidence of this study, however, provides only an indirect connection, and no clear-cut 
association has yet been described between semantic abilities and neurofibrillary pathology in 
the preclinical stage of AD.  Overall, there is promising evidence in support of a future 
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formal definition of semantic processing and semantic memory breakdown as an early AD 
biomarker. At this stage, this proposition remains a valid working hypothesis, but more solid 
findings are needed. 
 
The prognostic value of measures of linguistic-semantic processing 
In addition to the urgency for a diagnostic aid at the preclinical stage, in clinical practice 
there is a pressing need for a prognostic aid at the prodromal phase, commonly referred to as 
MCI stage.  Since its very early definition [92], the MCI construct has been developed to 
define individuals affected by cognitive impairments, not severe enough to be diagnosed as 
GHPHQWHG³QRWQRUPDOQRUGHPHQWHG´but who may eventually progress to overt dementia.  
Such a concept has emerged as highly attractive from both a clinical and a theoretical point of 
view, with a large number of studies aiming at the identification of markers that could aid the 
detection of those MCI individuals who will actually progress to dementia.  The very first 
step in this direction was based on the distinction of MCI in different sub-types (amnestic vs. 
non-amnestic and single-domain vs. multiple-domain) [93].  The characterisation of these 
different sub-types suggested that the amnestic forms (aMCI) were those that more 
specifically converted to AD [93].  The prognostic reliability of this approach, however, soon 
became questionable, at its best [94].  Great attention, therefore, has been paid to the 
identification of specific neuropsychological markers that could reliably flag up an increased 
risk of progression to dementia [95].  There is a general agreement that neuropsychological 
tests assessing episodic memory (delayed recall in particular) are the most reliable 
neuropsychological predictors of progression to AD at this stage [1,95,96].  As reviewed 
above, it is conceivable that subtle lexical-semantic deficits may be already detectable at the 
preclinical stage of AD and there is evidence that these deficits are also present during the 
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MCI phase [97].  It follows that tests assessing language and semantic memory might also 
play a part in prognosis and might be reliable predictors of conversion from MCI to AD, yet, 
the results of previous studies are not always consistent with this hypothesis.  This 
inconsistency is mainly due to methodological shortcomings and the different methods used 
to assess semantic competence.  In most cases, language and semantic memory were assessed 
using various versions of the Category Fluency test, mainly focusing on the total number of 
words retrieved.  Some studies have reported that individuals who later progressed to 
dementia generated fewer words than non-converters at baseline evaluation (e.g., [98,99]).  In 
addition, several studies have failed to replicate these findings (e.g., [100,101]).  Even in 
studies reporting univariate group differences in Category Fluency total score, the predictive 
value of the total number of words produced on Category Fluency tests was not confirmed by 
multiple variable regression models [73,98].  A review study that surveyed the ability of 
different semantic tasks to differentiate MCI and preclinical AD from normal ageing elderly 
concluded that Category Fluency tests are more reliable than Naming tests and Letter Fluency 
tests in distinguishing MCI due to AD from MCI individuals who do not progress to AD or 
from normal ageing elderly [102].  A number of studies has confirmed such observation.  
Furthermore, it is interesting to note that good performance on Category Fluency tests can 
predict who will revert to normal performance on neuropsychological tests at follow up 
among the MCI population [103].  At variance with Category Fluency, contrasting results 
come from studies that assessed confrontation naming, with some reporting that naming tests 
have some predictive value [100,104], while others have not confirmed such findings (e.g., 
[101]). 
It is possible that such variability in findings might be the outcome of more general issues 
that affect longitudinal studies on MCI, such as sample heterogeneity, inclusion criteria, etc.  
It needs to be acknowledged, however, that there are specific characteristics of the Category 
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Fluency test that, better than other linguistic tasks, can predict outcome over time.  Such 
characteristics probably refer to specific competence and the distinctive organisation of 
semantic memories, the disruption of which can only be detected by specific tests.  For 
example, very few studies have investigated the possible differential predictive value of 
various semantic categories in Category Fluency tests.  Clark and colleagues [105] reported 
that individuals converting to dementia at follow up, at baseline, produced fewer words than 
stable individuals on the categories of ³DUWLFOHVRIFORWKLQJ´³IUXLWVDQGYHJHWDEOHV´³WKLQJV
RQHILQGVLQDVXSHUPDUNHW´DQG³YHJHWDEOHV´EXWQRWRQ³DQLPDOV´ (animals is the category 
assessed in the widely used CERAD verbal fluency test).  More generally, the investigation 
of items that rely on unique idiosyncratic pieces of information such as proper names and 
unique entities might be earlier affected by neurodegeneration than other general categories 
of semantic knowledge such as objects that share more common attributes with other 
exemplars of their category.  Research has reported evidence in support of this hypothesis by 
showing that in MCI recognition of famous people is affected earlier than recognition of 
objects [59,106].  Indeed, knowledge of famous people, because it relies more on unique 
idiosyncratic information, similarly to proper nouns is more vulnerable to disease effects and 
therefore more greatly affected than knowledge of objects in aMCI and AD [60], with object 
knowledge relying more on sensory and functional properties.  Although sensitive, tests 
involving famous people suffer from methodological shortcomings as highlighted in one of 
the earlier sections in this review. 
Apart from categorical dissociations, other markers of prediction in MCI could be derived by 
studying intrinsic psycholinguistic markers extracted from word production during Category 
Fluency tests.  A fine-grained analysis of the lexical characteristics of words produced by 
persons with MCI has shown that those MCI who will progress to dementia generate words 
with higher typicality than MCI who will remain stable [73] (Figure 2). 
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- Insert Figure 2 about here - 
 
Thus, it is conceivable that the lack of consistency of findings among published studies might 
be explained by the fact that the mere assessment of the total number of generated words 
³KRZPany words GRHVWKHSDWLHQWJHQHUDWH"´VKRXOGEHDFFRPSDQLHGE\DTXDOLWDWLYH
DQDO\VLVRIOH[LFDOHQWULHV³ZKich words does the patient generate"´ In this respect, the 
availability of reliable norms for lexical frequency, age of acquisition and typicality may be 
of some advantage [107].  Further putative markers of progression to AD could also be 
supplied by answering the question ³KRZ does the patient generate words"´.  As reported in 
earlier sections in this review, category switching, clustering [64], number of repetitions and 
intrusions [63] are good measures to discriminate between normal and pathological ageing.  
The investigation of how the sequences of words are produced (to examine path, similarity, 
repetition, and network of production) has shown a progressive simplification from normal 
elderly controls to amnestic MCI to AD [108]. 
The timing of word generation (specifically, the difference between the number of words 
generated in the first time segment (i.e., the first 15 s) of each trial and the number of words 
generated during the last time segment (i.e., the last 15 s) of the same trial in the Category 
Fluency test) could be exploited as another interesting marker to unmask the exhaustibility of 
semantic storage.  In fact, normal adults tend to produce significantly more words during the 
first 15 s of the task (n = 8, on average), than in any of the other quartiles, with less than 3 
words generated on average during the last quartile [109].  The decrement from quartile to 
quartile in the number of correct entries reflects, in all likelihood, an increased involvement 
of semantic control, necessary to explore the category assigned more thoroughly.  This 
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indicates that the degree of decrement might be a variable of particular interest.  Most of 
these potential markers need further investigation to determine operational cut-offs and 
finalise a methodology more suitable for clinical assessment. 
The entangled picture of the relationship between lexical-semantic impairment and 
progression of MCI is made even more complex by some observations made on subtypes of 
AD.  In fact, a subtype of AD featuring the association of episodic and semantic memory 
impairment, with reduced involvement of other cognitive domains, has been described [110].  
Follow-up studies have shown that this neuropsychological pattern was associated with a 
slower rate of cognitive decline than the decline observed in patients with the cognitive 
profile of ³W\SLFDO´$'[111].  Studies based on cluster analysis have reported that a similar 
pattern of disruption could be identified even at the MCI stage of the disease [112].  Follow-
up studies showed that MCI people with a profile characterised by episodic and semantic 
memory impairments had a low rate of progression towards dementia [112].  These pieces of 
evidence suggest that this cognitive profile may be the clinical manifestation of a specific 
subtype of AD, with DVRPHZKDW³EHQLJQ´FRXUVH.  These findings should be taken into 
account when pooling data in large studies and, maybe, even when stratifying patients for 
enrolment in clinical trials. 
In conclusion, the role of classical tests assessing lexical-semantic processing in prognosis is 
still not clear.  On the basis of the available evidence, the prognostic value of such measures 
may be improved by implementing a new approach, including the assessment of qualitative 
aspects of semantic impairment alongside specific attention towards putative subtypes of 
MCI that may herald different patterns of progression to dementia. 
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Conclusive remarks 
The opportunity offered by semantic memory, semantic processing, and language to aid 
diagnostic procedures for sporadic AD, and to track its clinical development is, today, of 
crucial importance.  This review has highlighted important progress, but it has also identified 
important weaknesses and the need for further investigations.  Although throughout the years 
the study of AD has allowed us to gain a considerable amount of knowledge about the 
biological mechanisms of the disease, the community is still crying out for ground-breaking 
research breakthroughs.  Specifically, what we need are novel and revolutionary approaches 
to early detection [113].  On this note, not only can the study of semantic memory represent 
an instance of a new approach because of its sound theoretical basis, it is also characterised 
by a convenient costs-benefit ratio, as it is cost-effective, non-invasive, suitable for large 
scale screening and linked to the possibility of carrying out a large amount of retrospective 
research.  We argue that a similar approach could be translated into the diagnostic and 
prognostic characterisation of other neurodegenerative conditions.  We obviously do not 
mean that semantic memory is the sole cognitive domain that deserves this type of attention.  
For instance, a number of studies have investigated the potential clinical role of non-cognitive 
behavioural symptoms as preclinical markers of neurological conditions [114].  Hopefully, 
such early detection will allow for early interventions, especially once disease-modifying 
therapies will be available.   
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Figure legends 
 
Figure 1.  
Areas showing a significant association for the conjunct effect of age of acquisition and 
typicality of words generated by patients with mild AD dementia during the Category 
Fluency test.  Patients with more grey matter volume in the anterior portion of the 
parahippocampal gyrus and in the left inferior and superior temporal gyri were found to 
generate words that, on average, are usually acquired later in life, and are less typical of 
their respective category.   [Reproduced with permission from Venneri A, McGeown WJ; 
Hietanen HM, Guerrini C, Ellis AW, Shanks MF. The anatomical bases of semantic 
retrieval deficits in early Alzheimer's Disease. Neuropsychologia, 46, 497-510, (2008)] 
 
Figure 2 
This graph illustrates the clinical progression of the cohort of patients described by Vita and 
colleagues [73]. In this study, patients with a diagnosis of mild cognitive impairment had 
FRPSOHWHGD&DWHJRU\)OXHQF\WDVNFDWHJRULHV³ELUGV´DQG³IXUQLWXUH´. Normative data 
obtained on healthy volunteers were used as reference to assign an index of category-
dependent typicality to each word generated during the task. The cohort was then divided into 
low-typicality and high-typicality patients based on a median split. At the two-year follow up, 
only 5 out of 20 patients that converted to AD dementia had produced low typicality words 
DERYHWKHPHGLDQYDOXH<DWHV¶FRUUHFWHGchi-squared test = 6.07; p < 0.014) 
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